Introduction: Traumatic diaphragmatic injuries (TDIs) are clinically challenging. We aimed
INTRODUCTION
Traumatic diaphragmatic injuries (TDIs) can result in the disappearance of the thoracoabdominal pressure gradient and allow abdominal viscera to migrate into the thorax. (1) This migration can alter respiratory mechanics, compress the vena cava and reduce venous return to the heart, and result in respiratory failure and circulatory collapse. (2) TDIs can result from blunt or penetrating injuries. The prevalence of TDIs differs between the many series reported in the literature, likely because their rates can be under-or over-reported. They are reported to make up to 0.5%-1.6% of patients admitted for blunt trauma.
(3) Shah et al, on the other hand, reported that up to 8% of all patients undergoing a laparotomy or thoracotomy for trauma would have an incidental finding of diaphragmatic injury. (4) There is a spectrum of TDIs, (5) (6) (7) They can range from contusions and lacerations to major defects, with abdominal organ herniation. The clinical presentations of TDIs are widely variable. They can be asymptomatic from diaphragmatic contusions and lacerations. They can also present as a state of haemodynamic instability due to bleeding from other concomitant injuries or as a delayed manifestation of intestinal obstruction and respiratory involvement due to diaphragmatic hernia, months or even years after the actual trauma. (8, 9) TDIs remain a diagnostic and therapeutic challenge for the emergency physician and trauma surgeon. TDIs are often associated with thoracic and abdominal injuries that can be life-threatening and distract the attention of the clinician away from the diaphragm. These concomitant serious injuries as well as the lack of accurate diagnostic imaging studies for the diaphragm (1) make diagnosis and treatment of TDIs difficult.
The aims of our study were to review the spectrum and outcomes of TDIs in a busy metropolitan and tertiary trauma centre as well as to emphasise the difficulties faced in managing these injuries.
METHODS
We conducted a retrospective cohort study of adult patients with TDIs treated at Tan Tock Seng Hospital (TTSH), Singapore, using its trauma data registry. The study was approved by the National Healthcare Group ethics committee.
TTSH is a 1,500-bed adult tertiary hospital that receives referrals from all regions of Singapore. The trauma service at the hospital maintains a prospective trauma registry that captures all traumatic arrest patients attended to by its emergency department (ED) and nonarrest patients referred to the trauma service by the ED based on an existing activation protocol.
These activation criteria are demonstrated in Box 1. Two investigators reviewed patients identified by the trauma registry and supplemented data collection using the hospital and national electronic databases. They also searched these databases for periods ranging from six months to ten years after discharge for records of any re-attendances at Singapore's public hospitals on account of delayed manifestations of TDIs.
Data on demographic, clinical, radiological, operative and post-mortem findings was collected.
There are differences between centres with respect to their approach toward managing were two-tailed and p < 0.05 was considered to be statistically significant.
RESULTS
Among 13,130 records of patients captured by our trauma registry, 46 (0.4%) patients were treated for TDIs during the study period. There was no missing data. Table I shows the baseline characteristics of the study population. 
2) TDI: traumatic diaphragmatic injury
Among patients with acute diaphragmatic herniation (n = 14), there were 9 (64.3%) survivors and 5 (35.7%) deaths. The median age was 35.0 (IQR 21.0) years. Among the survivors (n = 9), the median ISS was 34.0 (IQR 23.0). All of these patients received chest radiography. 2 (22.2%) chest radiographs revealed stomach and bowel herniation, both of which were left sided. CT of both the thorax and abdomen/pelvis (CTAP) was performed for the remaining 7 (77.8%) survivors; for 1 (11.1%) patient, repeat CTAP was done. For 2 (22.2%) survivors, CT was not performed, as the chest radiographs already revealed diaphragmatic herniation. Among patients for whom CT was performed (n = 7), 4 (57.1%) had evidence of diaphragmatic tear and herniation, all of which were on the left. One of these four patients, however, had normal initial CT thorax and CTAP scans but showed evidence of diaphragmatic tear and herniation on repeat CTAP. All nine patients underwent laparotomy, and 1 (11.1%) underwent both laparotomy and thoracotomy. All except one patient had their Overall, there were 25 (54.3%) deaths and 21 (45.7%) survivors till hospital discharge. Table III compares the mechanisms of injury, mortality rates and the median ISS among survivors and deaths for the three TDI subtypes. There were statistically significant differences among patients with the three TDI subtypes with respect to the mechanism of injury (blunt vs.
penetrating), mortality rates and median ISS of survivors. 
DISCUSSION
Our study showed that there was a different pattern of TDIs associated with blunt versus penetrating injuries, and also highlighted the diagnostic difficulties faced by clinicians when managing these patients and injuries.
TDIs were uncommon among patients with trauma at our centre, as captured by our data registry, with only 0.4% of our trauma patients having TDIs. Our rate of TDIs was lower than that reported in the literature, where incidence has been reported as within 0.5%-8%. (3, 4) These differences likely reflect the different trauma patients targeted by the other series, which have included patients admitted with blunt trauma (3) and patients who required laparotomy or thoracotomy. (4) We found that the left hemidiaphragm was more frequently injured and this was consistent with other reports. (12, 13) This observation is partly due to the buffering effect of the liver on the right side (14, 15) and partly on account of the greater inherent resistance of the right hemidiaphragm relative to the left. (16, 17) Blunt trauma was the most common mechanism of injury in our study, as has been reported from other developed countries. (5, 6) The most common blunt trauma encountered was from MVCs and falls from heights. Stab injuries were the most common penetrating injury leading to TDIs in our study. We did not report any gunshot wounds, which was likely on account of the tight gun control laws in Singapore.
Patients with acute diaphragmatic herniation and contusions in our study were more likely to sustain these injuries via a blunt mechanism of injury. High-velocity blunt trauma to the abdomen results in a sudden transmission of force through the abdominal viscera that acts as a hydrodynamic fluid wave leading to significantly increased intra-abdominal pressure and eventual diaphragmatic disruption and herniation. Among patients with diaphragmatic tears, a penetrating mechanism of injury is almost as frequent as a blunt one. Penetrating trauma is more innocuous and produces smaller diaphragmatic defects without herniation. This has a greater possibility of being under-recognised, with patients often showing delayed development of visceral obstruction and strangulation. (18) Chest radiography was the first-line investigation for our patients with acute diaphragmatic herniation who did not present to the ED in the arrest state. However, its efficacy in the diagnosis of TDIs was limited, as it only identified herniation in two out of nine survivors and for none of the patients who died due to the injury. The most definite finding on chest radiography was that of abdominal viscera in the hemithorax, as seen in two of our patients, or the coiling of the nasogastric tube within the left side of the chest. (18) Other findings include the absence of fundic gas in its normal position, elevation of the hemidiaphragm and presence of a haemopneumothorax. (19) These later findings are less obvious and can be potentially misinterpreted. Chest radiography was also of limited value in detecting diaphragmatic tears without herniation and contusion, as it diagnosed none of our patients with these injuries among those for whom the investigation was performed.
Similarly, CTAP had diagnostic limitations, too. Many patients in our series did not undergo CT, as they were either haemodynamically unstable or present following traumatic arrest. In addition, CTAP could detect TDIs in only four out of seven patients with acute diaphragmatic herniation who underwent CT, so that the estimated sensitivity in our series was at best 57.1%. What is more, one of these patients had normal initial CT. Our observation was consistent with the sensitivity of helical CT imaging for diagnosing diaphragmatic herniation, which has been reported to range between 56%-87% in the literature. (20) (21) (22) CT, likewise, had its limitations for diagnosing diaphragmatic tears, detecting TDIs in only two out of six patients who underwent the imaging modality, so that its estimated sensitivity in our series was 33.3%.
In view of the diagnostic limitations of chest radiography and CTAP, our study also highlights the importance of the serial assessment of haemodynamically stable patients who do not undergo operative management and have initial chest radiography or CT that show no evidence of TDIs.
Despite the limitations of CT imaging, we opine that the hospital's policy of selective conservatism, when it comes to the management of haemodynamically stable and non-gunshot penetrating traumas using CT, examination of trajectory, local wound exploration and clinical observation, has been successful in managing TDIs, which, at times, can be clinically challenging to diagnose. This approach has been well described in the literature. (23, 24) In our series, we encountered only one patient with delayed diagnosis of acute diaphragmatic herniation from a stab wound to the chest. The injury was suspected following persistent leftsided pleural effusion and confirmed on repeat CT. Our series also showed that, if there is an indication for open surgery, the diagnosis of TDIs is usually straightforward. All TDIs were treated surgically and mostly by simple closure.
All subtypes of TDIs in our study were associated with significant mortality rates that ranged from 35.7%-100%. This observation likely demonstrates that TDIs, especially diaphragmatic contusions, were important markers of a severe mechanism of injury resulting in high ISS. These injuries were frequently accompanied by concomitant solid organ and hollow viscus injuries consistent with other reports. (25, 26) We did not have patients with chronic diaphragmatic herniation in our series.
Nevertheless, a chronic diaphragmatic hernia may present months to years after the initial injury. In the case of blunt trauma, the initial traumatic episode may be long forgotten. (27) This study was not without limitations. We performed the study at a single centre, and therefore it may not be appropriate to generalise its findings to other patient populations. In addition, we did not have any patients with TDIs from gunshot wounds. As a retrospective study, ours would be subjected to recall and reporting biases. However, these biases were minimal, as our trauma database was collected prospectively. The only retrospective information gathering in our study involved searching the national electronic database for any records of re-attendances by our patients after discharge from the traumatic episode due to chronic diaphragmatic herniation. Apart from small patient numbers, it is possible that we might have missed patients with chronic diaphragmatic herniation, especially those that were late entries into the database, with very short follow-ups following discharge.
In conclusion, our study revealed a differing pattern of TDIs, with the mechanism of injury ranging from blunt to penetrating trauma. TDIs remained a diagnostic challenge and were associated with significant mortality rates, as these injuries were frequently accompanied by concomitant solid organ and hollow viscus injuries. Preoperative chest radiography, CT thorax and CTAP had significant diagnostic limitations. Selective conservatism, as practised at our centre, appeared safe and useful for managing these injuries.
